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Abstract — We adopted the LMDI method to explore the impacts of emission factors, energy mix, energy intensity, industry 
structure and economic activity on the total carbon dioxide emissions from Chongqing economic development area during the 
period 1997-2011. As the results suggest, since 1999 the state of Chongqing city is in a decoupled state, but somewhat varying 
degrees, except in 2005 with expansive coupling. Generally speaking, the economic activity is the major factor in the energy 
consumption of carbon dioxide emissions increase and the impact of energy mix effect is small. The energy intensity has played a 
crucial role in carbon dioxide emissions reduction, but there was strong volatility and the impact of industry structure was a rather 
small positive effect. 
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. INTRODUCTION 

Ecological modernization theory focused on “how 
various institutions and social actors attempt to integrate 
environmental concerns into their everyday functioning, 
development, and relationships with others, including their 
relation with the natural world” (Mol, Spaargaren, and 
Sonnenfeld 2009) [1]. It emphasized that the market and 
industrialism play an important role in environmental 
reform. Economic growth, technological development, and 
environmental consciousness were seen as key factors in 
transforming production. These transformative processes 
help dematerialize the economy as relatively fewer natural 
resources are required to sustain society.(Mol 1995; Dietz, 
Rosa, and York 2010) [2-3]. 

 Decoupling theory proposed by OECD (2002) [4] 
firstly, in order to block the link between economic growth 
and resource consumption or environmental pressure. Tapio 
(2005) [5] redefined decoupling indicators when exploring 
the decoupling scenario in the European transport industry. 
Eight logical possibilities were presented: expansive 
coupling, recessive coupling, strong negative decoupling, 
expansive coupling, recessive coupling, strong negative 
decoupling, weak negative decoupling, expansive negative 
decoupling, strong decoupling, weak decoupling and 
expansive decoupling. Vehmas, et al. (2007) [6] replaced 
(%ΔVOL/%ΔGDP) with Δ(VOL/GDP) as the elasticity, 
and presented a theoretical framework of six possibilities 
for delinking and linking analysis.  

Nowadays, the decoupling analysis is widely used by a 
variety of studies. Diakoulaki and Mandaraka (2007) [7] 
evaluated the progress made in 14 EU countries in 
decoupling between the growth rates in economic activity 
and carbon dioxide emissions from energy consumption in 
Brazil from 2004 to 2009 was examined by Freitas and 
Kaneko (2011) [8]. Jun Li (2011) [9] overviewed the 
existing literature and international experiences about the 
decoupling urban transport from GHG emissions in Indian 
cities. Jorgenson and Clark (2012) [10-11] used cross-

national panel to analyse the economy and the environment 
decoupling, concluded how the ecological modernization 
theory and the treadmill of production theory could benefit 
from engaging contemporary research concerning changes 
within the transnational organization of production and the 
structure of international trade and how these global shifts 
influence environment/economic development relationships. 

Many studies have focused on China’s energy consump-
tion and its energy-related carbon dioxide emissions. Nan 
Zhou, et al. (2013) [12] used the botton-up LBNL China 
End-Use Energy model to assess the role of energy 
efficiency policies in transitioning China to lower emission 
trajectory and meeting its 2020 intensity reduction goals, 
found that China’s carbon dioxide emissions will not likely 
continue growing throughout this century. Armin Ibitz 
(2014) [13] analyzed China’s position on the inclusion of 
aviation under a global carbon reduction scheme, concluded 
that the EU and the rest of the world would be better off by 
refraining from unilateral mitigation measures and emphasi-
zing more involvement, engagement, and capacity building 
in negotiating a possible carbon reduction scheme at the 
international level. Shiyi Chen (2015) [14] estimated the 
energy and emission adjusted total factor productivity(TFP) 
and revealed the ecological economic transition by province, 
found that China’s ecological development process has 
reversed course since the beginning of this century.  

There are two reasons for analyzing carbon dioxide 
emissions. Firstly, there is scientific consensus that 
anthropogenic carbon dioxide emissions are a primary 
contributor to climate change. Secondly, countless 
economic related activities require the burning of fossil 
fuels, which results in carbon dioxide emissions.  

The aim of this paper is to explore the occurrence of a 
decoupling between the growth rates in economic activity 
and carbon dioxide emissions from energy consumption in 
Chongqing from 1997 to 2012.The remainder of this paper 
is organized as follows. Section  describes decoupling 
indicators and the model of carbon dioxide emissions 
decomposition. Section Ⅲ describes data source and data 
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processing methods used in this research. Section Ⅳ 
discusses the empirical results. The conclusions drawn and 
the direction for future work are finally summarized in 
Section V. 

. METHODOLOGY 

Firstly, we introduce the method of estimation of carbon 
dioxide emissions in this section. Then we give the 
decomposition model of carbon dioxide emissions, the 
definition of effect factor and LMDI model formulation. 
Finally, we present the decoupling elasticity formulation. 
The symbol variables definitions are as follows： 

A. The model of carbon dioxide emissions 

Following the method given by the IPCC (2006), total 
carbon dioxide emissions from energy consumption can be 
expressed as  

(1 )t t t t
i ij j j j

i j

C C E EF CS O M                       (1) 

where Ct denotes the total carbon dioxide emissions in 
year t, Eij

t is the total energy consumption of the ith sector 
based on fuel type j in year t; EFj

t is the carbon dioxide 
emissions factor of fuel type j, and j means fuel type, 
representing raw coal, cleaned coal, other washed coal, 
coke, coke oven gas, crude oil, other gas, other coking 
products,  gasoline, kerosene, diesel oil, fuel oil, liquefied 
petroleum gas, refinery gas, other petroleum products, 
natural gas, heat and electricity; CSj denotes the fraction of 
the fuel j which is not oxidized as raw materials in year t; Oj 
means the fraction of carbon oxidized based on fuel j; M 
denotes the molecular weight ratio of carbon dioxide to 
carbon (44/12). 

B. Decomposition model of carbon dioxide emissions 

The carbon dioxide emissions can be expressed as an 
extended Kaya identity, which is a useful tool to decompose 
total carbon emissions. It is shown as follows:   

t t t t
ij ijt t ti i

ij t t t t
ij ij ij i i

C E E P
C C P

E E P P
                                (2) 

For simplification, Eq.(2) can be expressed as  

Mt t t t t t t
ij ij ij i i

ij ij

C C CI E EI IS P                          (3) 

Where, (1 )t t
ij j j jCI EF CS O M     . Both the whole 

Chongqing economic structure and energy types consumed 
by the whole Chongqing economy are studied 
simultaneously by Eq. (3). Each variable on the right hand 
side of Eqs. (1)-(3) is defined in Table Ⅰ. 

According to the LMDI method given by Ang (2005) 
[15], the change of carbon dioxide emissions between a 
base year 0 and a target year T, denoted by ΔCt, can be 
decomposed into the following determinant factors: 

1) The emission factor effect (denoted by ΔCIt), 
reflecting changes in the average emission factor of energy 
use. As a constant emission factor for conventional fuels, 

this factor is described as the energy mix used in utilities for 
power and heat generation; 

TABLE Ⅰ. VARIABLES DEFINITIONS 

 
2) The energy mix effect (denoted by ΔEMt), reflecting 

changes in the relative shares of energy forms in total 
energy consumption; 

3) The energy intensity effect (denoted by ΔEIt), 
reflecting changes in the ratio of industrial energy 
consumption to its produced value added; 

Variable Variable description 

i Sectors of Chongqing industry 

j Fuel type 

t year 

Cij carbon dioxide emissions by fuel j in sector i 

Ci Total carbon dioxide emissions in sector i 

C Total carbon dioxide emissions 

Eij Final energy consumption of fuel j in sector i 

Ei Total energy consumption in sector i 

Ej Total energy consumption of fuel j 

EFj carbon dioxide emissions factor of fuel j 

CSj The fraction of fuel j is not oxidized as raw materials 

Oj The fraction of carbon oxidized based on fuel j 

M Molecular weight ratio of carbon dioxide to carbon (44/12) 

Pi economic activity from sector i 

P Total output of the economic in Chongqing 

CIij carbon dioxide emissions factor of fuel j in sector i 

EMij Energy mix ratio for fuel j in sector i 

EIi Energy intensity in sector i 

ISi Share of economic activity in sector i 
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4) The industry structure effect (denoted by ΔISt), 
reflecting changes in the relative shares of industry in 
Gross Domestic Products; 

5) The economic activity effect (denoted by ΔPt), 
reflecting changes in Gross Domestic Products of 
Chongqing, measured in 1997 constant prices; 

Thus, the difference ΔCt is decomposed into its 
components in additive form, as illustrated in Eq. (4): 

Mt T o t t t t tC C C CI E EI IS P                 (4) 

Each effect in the right side of Eq. (4) can be computed 
as follows: 
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Here, we have  

M
1

t t t t t

t t t t t
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                      (11) 

The meaning of Eq. (11) is that the change of carbon 
dioxide emissions between a base year 0 and a target year t 
(ΔCt), can be decomposed into five effects: changes in the 
carbon dioxide emissions factors effect (ΔCIt); changes in 
the energy mix effect (ΔEMt); changes in the energy 
intensity effect (ΔEIt); changes in the industry structure 
effect (ΔISt); and changes in the economic activity effect 
(ΔPt). 

C. Decoupling elasticity formulation 

According to the OECD (2002), the term “decoupling” 
means breaking the connection between environmental 
pressure and economic performance. In this paper, 
decoupling indicators are defined to explore the relationship 

between carbon dioxide emissions and economic growth, 
based on Tapio (2005). Decoupling of carbon dioxide 
emissions from economic growth can be expressed as 
elasticity values where the percentage change of carbon 
dioxide emissions is divided by the percentage change of 
the economic activity in a given time period from a base 
year 0 to a target year t, as shown in Eq. (12): 

0 0

0 0

( ) /

( ) /

T
t

T

C C C
D

P P P





                                                     (12) 

According to Tapio (2005) eight logical possibilities can 
be distinguished. The decoupling elasticity Dt

ε following 
the values are listed in the table Ⅱ. 

TABLE Ⅱ. THE DEGREES OF COUPLING AND DECOUPLING OF 
CARBON DIOXIDE EMISSIONS GROWTH FROM ECONOMIC 

GROWTH 

state Subcateg-
ories 

environment 
pressure 

(ΔCt) 

economic 
performance 

(ΔPt) 

Decoupling 
elasticity 

(Dtε) 

coupling 

Recessive 
coupling <0 <0 (0.8, 1.2) 

Expansive 
coupling >0 >0 (0.8, 1.2) 

decoupling 

Recessive 
decoupling <0 <0 (1.2, +∞) 

Strong 
decoupling <0 >0 (-∞, 0) 

Weak 
decoupling >0 >0 (0 , 0.8) 

negative 
decoupling 

Weak 
negative 

decoupling 
<0 <0 (0 , 0.8) 

Strong 
negative 

decoupling 
>0 <0 (-∞, 0) 

Expansive 
negative 

decoupling 
>0 >0 (1.2, +∞) 

Ⅲ. DATA SOURCES 

In this paper, carbon dioxide emissions of Chongqing 
city for each year are calculated on the basis of energy 
consumption data (China Energy Statistical Yearbook), and 
the change in carbon dioxide emissions is calculated by Eq. 
(1). The GDP and consumption of energy of different types 
is extracted from the Chongqing Statistical Yearbook (CSY, 
1997-2012) and the China Energy Statistical Yearbook 
(CESY, 1997–2012) [16]. Value added is represented by 
GDP in constant 1997 price.  
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The economy is divided into four aggregated industry 
sectors, namely the primary, secondary, tertiary industry 
and others. Industrial energy structure data are calculated by 
the proportion of various forms of energy consumed, in the 
total annual energy consumption. Energy intensity is 
calculated by the total energy consumption divided by 
economic activity. 

The carbon dioxide emissions factor of each energy fuel 
type is constant, and can be easily calculated by Eq. (1). 
The average low-calorific value, carbon emission factors 
(EF) and the fraction of carbon oxidized (O) for each fuel 
are listed in the table Ⅲ. 

TABLE Ⅲ.  AVERAGE LOW-CALORIFIC VALUE, CARBON 
EMISSION FACTORS ANS FRACTION OF CARBON OXIDIZED FOR 

DIFFERENT FUELS 

Fuel Average low-calorific 
value (TJ/TG) EF(t-C/TJ) O 

Coal 20,908 25.8 0.90 

Coke 28,435 29.2 0.90 

Crude oil 41,816 20 0.98 

kerosene 43,070 19.6 0.98 

Gasoline 43,070 18.9 0.98 

Nature gas 38,931 15.3 0.99 

LPG(liquefied 
petroleum gas) 50,179 17.2 0.98 

Coke oven gas 16,726 12.1 0.99 

Source: Data of average low-calorific value are extracted from “China 
Energy Statistical Yearbook 2012”, Data of oxidation rate and carbon 
emission factor are from IPCC (2006) 

The carbon emission factors (EF) for different fuels are 
given in Table Ⅲ. Because the 1997–2013 period analyzed 
in this paper is a relatively short term, this paper assumes 
that the carbon emission factors of all energy forms listed in 
Table Ⅲ are constant. In fact, while these coefficients have 
changed over time because of a change in grade of fuel, 
these changes are so small that they are negligible when we 
analyze the macro changes in carbon dioxide emissions. 

The carbon emission factors of heat and electricity, 
however, are changing because the fuel mix used in the 
generation of electricity is always changing, and 
technological improvements in generation are also always 
driving the decrease of coal consumption used in electricity 
generation. The carbon emission factors of electricity and 
heat are calculated based on the use of individual fossil fuel 
used in power and heat generation. Because the fuel used as 
a raw material for manufacture of products is excluded from 

the total energy consumption, CS is zero. These values are 
assumed to be constant over the time period of the study 
(Zhang et al., 2009) [17]. 

Ⅳ. RESULTS AND DISCUSSION 

A.  Analysis of carbon dioxide emissions 

Chongqing has experienced steady economic growth 
without large fluctuations, with its GDP increasing at the 
average annual rate of about 14.5% during 1997-2011, as 
shown in Fig. 1. Along with the rapid economic 
development, energy consumption rose from 2030.13×104 
tce in 1997 to 7951.12×104 tce in 2011, representing an 
annual average growth rate of 10.2%. The carbon dioxide 
emissions from fossil fuels in Chongqing over 1997-2011 
have been calculated by Eq. (1). The carbon dioxide 
emissions in Chongqing rose from 1756.46×104 t in 1997 to 
5162.85×104 t in 2011, with an average annual growth rate 
of about 13.9%; the growth rate was the fastest of all, in 
2005, 26.62%, respectively. 

     

  

Fig. 1 Economic Activity of Chongqing (GDP) and carbon 
dioxide emissions  

B. Decoupling of the Chongqing economy and carbon 
dioxide emissions from 1997 to 2011 

We apply the frame work introduced in section Ⅱ to 
explore the relationship between GDP and carbon dioxide 
emissions for determining decoupling state from 1997 to 
2011 in Chongqing, the results are listed in Table Ⅳ. Since 
1999, the decoupling state of Chongqing city are in 
decoupled state, but somewhat varying degrees, except the 
2005 with expansive coupling. Moving from the expansive 
negative decoupling in 1998 and weak decoupling in 1999 
to a short-term strong decoupling in 2000-2001, follow by 
weak decoupling in 2002 and strong decoupling in 2003, 
next with expansive negative decoupling in 2004 and 2006, 
then a long period of weak decoupling in the period 2007-
2011. This shows that the economy of Chongqing has 
developed while the carbon emissions are suppressed in 
most years. 

In 2005, the GDP growth rate is 30.10% , increased 
significantly (4.13% in 2004）, but the growth of carbon 
emissions is also raised from 12.98% to 26.62%, which 
makes the decoupling elasticity to 0.88, presents the 
expansive coupling state. 
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In 1999, 2002, 2007 to 2011, with the GDP growth, 
carbon emissions have increased, but the growth rate is less 
than the growth rate of GDP, in recent years show a weak 
decoupling state. 

In 2000, 2001 and 2003, with the GDP development, 
carbon emissions have decreased instead, the decoupling 
elasticity of these years are less than 0, presents the 
gratifying strong decoupling state. 

In 1998, 2004 and 2006, the growth rate of carbon 
emissions are much more than the growth of GDP, the 
decoupling elasticity of these years are more than 1.2, 
present the expansive negative decoupling state. The 
economic growth has brought environmental degradation, 
this is contrary to the Sustainable Development Strategy. 

TABLE Ⅳ. THE DECOUPLING STATE FOR THE CHONGQING GDP                             
AND CARBON DIOXIDE EMISSIONS 

Year △GDP   
(%) 

△CO2 
Emission (%) Dε decoupling state 

1998 6.29 11.54 1.84 Expansive negative 
decoupling 

1999 3.83 2.74 0.72 Weak decoupling 

2000 7.44 -1.75 -0.24 Strong decoupling 

2001 10.38 -3.61 -0.35 Strong decoupling 

2002 12.95 9.18 0.71 Weak decoupling 

2003 14.64 -10.09 -0.69 Strong decoupling 

2004 4.13 12.98 3.15 Expansive negative 
decoupling 

2005 30.10 26.62 0.88 Expansive coupling 

2006 1.99 10.36 5.22 Expansive negative 
decoupling 

2007 17.06 9.86 0.58 Weak decoupling 

2008 39.95 24.49 0.61 Weak decoupling 

2009 12.72 6.94 0.55 Weak decoupling 

2010 21.36 7.27 0.34 Weak decoupling 

2011 26.32 11.39 0.43 Weak decoupling 

 

C. Driving factors for decoupling using LMDI method  

The findings obtained from the decomposition analysis 
using the decomposition mode introduced in section Ⅱ . 
We can calculate the contribution of each factor to energy-
related carbon dioxide emissions from 1997 to 2011 based 
on the proposed LMDI method. Since there is considerable 
difference in statistic caliber and difficulty in data 
accumulation in input and output of transformation in 
Chongqing, we use the total final consumption data.The 
results are shown in Table V. 

TABLE V. DECOMPOSITION OF CARBON DIOXIDE EMISSIONS 
OVER 1997-2011 IN CHONGQING INDUSTRY SECTOR (UNIT: 104 

TON) 

year energy mix 
effect 

energy 
intensity 

effect 

industry 
structure 

effect 

economic 
activity 
effect 

the       
total   
effect 

1997-1998 66.27 394.46 -42.22 79.01 497.52 

1998-1999 -200.25 205.65 -67.29 68.69 6.81 

1999-2000 -206.39 -83.61 -85.57 114.60 -260.98 

2000-2001 437.24 -609.21 -161.56 117.90 -215.64 

2001-2002 292.70 -181.05 -44.86 274.52 341.31 

2002-2003 429.11 -995.72 -156.24 360.64 -362.21 

2003-2004 661.94 -571.83 147.94 193.33 431.38 

2004-2005 -685.45 -282.10 -285.13 2111.22 858.54 

2005-2006 263.44 724.96 -261.32 35.07 762.14 

2006-2007 260.82 -470.87 193.65 839.34 822.94 

2007-2008 -730.75 -533.87 -345.58 2552.33 942.13 

2008-2009 -402.44 -781.60 -138.68 2210.65 887.93 

2009-2010 904.45 -544.01 -212.53 563.24 711.16 

2000-2011 169.15 -609.63 -69.77 1225.39 715.14 

 
Since 1997, when Chongqing became one of the 

municipality directly under the Central government, it has 
faced a super big city with 82.4 thousand square kilometers 
and its population is more than 3000 , the binary economy 
structure of ‘big city and big rural area’ is very clear, and 
there are economic difference of different level between 
each districts as well as inside each districts. In 2000, China 
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invested about 850 billion RMB in the ‘western 
development strategy’, and the consumption structure 
upgrade as the residents’ income levels increased. This 
‘western development strategy’ brought huge number of 
opportunities, has increased the demand for household 
appliances, automobiles and other durable goods in 
Chongqing. The ecological construction, environmental 
protection and sustainable development of the economy and 
social life started receiving attention of the central 
government with the implementation of ‘energy 
conservation law’  in 1998 and Chongqing launched the 
‘blue sky, clean water, green land and quiet environmental 
action’. 

   

 
Fig. 2 Decomposition results: change in carbon dioxide emissions due to 
energy mix, energy intensity, industry structure and economic activity.  

(Unit: 104 ton) 

As shown in Fig. 2, economic activity is the major 
factor in the growth of carbon dioxide emissions in 
Chongqing. Economic activity effect reflecting changes in 
Gross Domestic Products of Chongqing. The expansion of 
the economic scale is one of the major factors in carbon 
dioxide emissions increasing. In 2007-2009, the economic 
activity effect brings the 4763.98 104 ton carbon dioxide 
emissions reached the peak of this period, but the growth 
rate is about average growth level. 

The energy mix effect has a weak negative effect on 
carbon dioxide reduction, in 1997-2007 with negative effect. 
It is estimated that coal have always accounted for more 
than 80% of the primary and secondary industry’s energy 
consumption, which greatly hinders the adjustment of 
energy mix forms. The coal-dominated energy consumption 
structure has not changed fundamentally, the changes in the 
relative shares of energy mix forms in total energy 
consumption still shows weak positive effect on carbon 
dioxide reduction.  

Energy intensity effect is a major factor inhibiting the 
growth of carbon dioxide emissions. The energy intensity in 
each industry has declined, especially in secondary industry 
energy intensity decline from 0.0299 Terrogram/Billion 
yuan (TG/BY) in 1997 to 0.0088 TG/BY in 2011, 
representing an annual average decrease rate of 5.04%. 

Industrial structure effect on carbon emissions reduction 
has a slight positive effect. From the perspective of carbon 
dioxide emissions, industry structure of Chongqing has 
improved continuously, the  industry structure effect on 
carbon dioxide reduction has a week positive effect, 
indicating that the adjustments of industry structure in 
Chongqing plays a role of reducing carbon dioxide 
emissions, but it does not change the trend of carbon 
dioxide emissions increasing.  

V. CONCLUSIONS 

In this paper, we calculated the carbon emissions in 
Chongqing according to the IPCC emissions guidelines and 
analyze the decoupling state of the Chongqing economy 
and carbon dioxide emissions from 1997 to 2011. Then, in 
order to investigate the factors that influence the change of 
carbon dioxide emissions, used LMDI decomposition 
method to build carbon emission factor decomposition 
model to further study its driving factors: economic activity, 
energy mix, energy intensity and industrial structure. The 
main conclusions and suggestions drawn by our study are as 
follows: 

1) During 1997 to 2011, the decoupling state between 
the GDP and carbon dioxide emissions in Chongqing has in 
a unstable state. Since 1999, the decoupling state has 
witnessed a clear tendency toward decoupling, except the 
2005 with expansive coupling. Moving from the expansive 
negative decoupling in 1998 and weak decoupling in 1999 
to a short-term strong decoupling in 2000-2001, followed 
by a weak decoupling in 2002 and a strong decoupling in 
2003, next with expansive negative decoupling in 2004 and 
2006, then a long period of weak decoupling in the period 
2007-2011. 

2) The economic activity is the major factor in the 
energy consumption of carbon dioxide emissions increase 
in Chongqing. Coal and its products account for more than 
84% of total carbon dioxide emissions which shows energy 
supply in Chongqing mainly depends on coal and its 
products. The government should focus on changing the 
mode of economic development, to achieve quantitative 
expansion to the quality expansion of economic 
development. 

3) The impact of energy mix effect on carbon dioxide 
emissions was small, showed that the energy consumption 
structure in Chongqing has not improved. The responsible 
department of the Chongqing government should make 
efforts to improve the technology of developing and 
utilization of the clean energy forms to adjust the energy 
structure of the secondary industry. Adjust energy 
consumption structure, reduce the proportion of coal 
consumption, increase the proportion of low-carbon 
consumption of petroleum, electricity, natural gas, and 
vigorously develop and use clean energy, renewable energy, 
wind energy, hydropower, solar, geothermal, accelerate the 
structure of energy consumption with a reasonable 
transition. 

4) The energy intensity has played a crucial role in 
carbon dioxide emissions reduction, but it was strong 
volatility. Technological up-gradation of some energy-
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intensive sectors should be hurry up, especially in the 
industry of nonmetal mineral products, ferrous metals 
smelting and rolling. Improve energy conservation laws, 
promote effective energy intensity from the legal 
perspective. 

5) The impact of industry structure on carbon dioxide 
emissions reduction was a rather small positive effect. It 
was obviously much less influence on carbon dioxide 
emissions reduction than the impact of economic activity 
and energy intensity. The government should encourage 
non-carbon-intensive sectors such as machinery and 
electronics to increase their share in the total output.  
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